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Estimated Flood Peak Discharges on Twin, Brock, and
Lightning Creeks, Southwest Oklahoma City, Oklahoma,

May 8, 1993

By Robert L. Tortorelli
Abstract

The flash flood in southwestern Oklahoma
City, Oklahoma, May 8, 1993, was the result of an
intense 3-hour rainfall on saturated ground or
impervious surfaces. The total precipitation of
5.28 inches was close to the 3-hour, 100-year fre-
quency and produced extensive flooding. The
most serious flooding was on Twin, Brock, and
Lightning Creeks. Four people died in this flood.
Over 1,900 structures were damaged along the 3
creeks. There were about $3 million in damages to
Oklahoma City public facilities, the majority of
which were in the three basins.

A study was conducted to determine the
magnitude of the May 8, 1993, flood peak dis-
charge in these three creeks in southwestern Okla-
homa City and compare these peaks with
published flood estimates. Flood peak-discharge
estimates for these creeks were determined at 11
study sites using a step-backwater analysis to
match the flood water-surface profiles defined by
high-water marks.

The unit discharges during peak runoff
ranged from 881 cubic feet per second per square
mile for Lightning Creek at SW 44th Street to
3,570 cubic feet per second per square mile for
Brock Creek at SW 59th Street. The ratios of the
1993 flood peak discharges to the Federal Emer-
gency Management Agency 100-year flood peak
discharges ranged from 1.25 to 3.29. The water-
surface elevations ranged from 0.2 foot to 5.9 feet
above the Federal Emergency Management
Agency 500-year flood water-surface elevations.

The very large flood peaks in these 3 small
urban basins were the result of very intense rainfall
in a short period of time, close to 100 percent run-
off due to ground surfaces being essentially imper-
vious, and the city streets acting as efficient
conveyances to the main channels. The unit dis-

charges compare in magnitude to other extraordi-
nary Oklahoma urban floods.

INTRODUCTION

One of the greatest flood disasters in the history
of Oklahoma City, Oklahoma, occurred during the
early evening hours from about 4 p.m. to 9 p.m. May
8, 1993. The flash flood was the result of an intense 3-
hour rainfall occurring within a 12-hour rainfall event.

The southwestemn part of Oklahoma City was
especially hard hit. Most of the flood damage was on
Twin, Brock, and Lightning Creeks, tributaries to the
North Canadian River. Flood waters claimed four
lives; three people died in Brock Creek, and one per-
son died in Lightming Creek. There was an estimated
$3 million in damage to City facilities and about 1,200
homes were damaged (Brown, 1993). It is estimated to
be the worst flood in the City since the June 3, 1932,
flood on the North Canadian River and its tributaries
that was caused, to a large extent, by Lightning Creek
overflow; 3,200 people were homeless, with 5 deaths,
and 7 people missing (Tortorelli, Cooter, and
Schuelein, 1991).

The U.S. Geological Survey (USGS), in cooper-
ation with the City of Oklahoma City, conducted a
study to determine the magnitude of the May 8, 1993,
flood peak discharge in these three creeks in south-
western Oklahoma City and compare these peaks with
published flood estimates. Data presented in this
report provide City officials and consultants with a
technical basis to make flood-plain management deci-
sions and assist them in deciding future courses of
action on the flood-prone areas.

Purpose and Scope

The magnitudes of urban floods are seldom doc-
umented in urban areas in Oklahoma. This report pre-

1



sents estimates of the flood peak discharges at 11
locations on Twin, Brock, and Lightning Creeks.
These locations are small stream reaches above and
below major urban street bridges and culverts, which
are referred to as sites in this report. The study sites
were chosen at locations of interest by the cooperator,
the City of Oklahoma City. Figure 1 shows the loca-
tions of the study sites: 2 sites on Twin Creek (sites 1-
2), 3 sites on Brock Creek (sites 3-5), and 6 sites on
Lightning Creek (sites 6-11).

The flood peak discharges and computed flood
water-surface profiles are compared with those of
selected frequencies used in the Federal Emergency
Management Agency (FEMA) flood-insurance study
for Oklahoma City (Federal Emergency Management
Agency, 1990). This report also compares the esti-
mated flood peak discharges to estimated maximum
discharges in an urban environment (Tortorelli and
others, 1983) and upper limits of known floods in
Oklahoma (Crippen and Bue, 1977; Bingham and oth-
ers, 1974; Bergman and Tortorelli, 1988).

Storm Rainfall

Rainfall was very intense for a short period of
time during a longer rain event. The reported rainfall
by the National Weather Service at Will Rogers Air-
port for the 24-hour period from 7 p.m. Friday, May 7,
1993, to 7 p.m. Saturday, May 8, 1993, was 7.04
inches (National Oceanic and Atmospheric Adminis-
tration, 1993). A total rainfall of 5.28 inches fell
between 3 p.m. and 6 p.m. on May 8, 1993 (figure 2).
As shown in figure 2, this heavy rainfall was preceded
by 0.85 inches of precipitation. Therefore, the intense
rainfall fell on nearly-saturated or impervious ground
surfaces, and it was assumed that almost 100 percent
runoff did occur.

National Weather Service radars are capable of
providing raw radar plots of cumulative rainfall. Raw
radar plots are those unadjusted by surface rain gage
point data. Plots of the May 8, 1993, storm were pro-
vided by the Oklahoma City Weather Forecast Office
(written commun., 1993). An inspection of these raw
radar plots revealed that the rainfall received by Twin
and Brock Creek watersheds was nearly equal to that
measured by Will Rogers Airport rain gage. The
Lightning Creek study area received about 1-2 inches
less.

The expected frequency of the rainfall event is
usually determined by comparing the recorded rainfall

amount of a specified duration with the National
Weather Service Technical Paper 40 data (Hershfield,
1961). A comparison of these data is presented in fig-
ure 3. The recorded 3-hour rainfall of 5.28 inches is
only 0.10 inch less than that for the 100-year fre-
quency, 3-hour rainfall. The concept of 100-year fre-
quency is discussed in detail in the Estimated Flood
Peak Discharges section.

Flood Damages

There were a substantial number of structures
damaged in the May 8, 1993, flood in Twin, Brock,
and Lightning Creeks. Table 1 shows the tally for the 3
study basins (Brown, 1993). Over 1,900 structures
were damaged in the 3 basins, of which about 1,200
were homes. In addition, about $3 million in damages
to Oklahoma City public facilities were a result of the
flash flood, the majority of which were in the 3 south-
west urban basins.

President Clinton signed a federal disaster dec-
laration for four counties in Oklahoma on Wednesday,
May 12, 1993 (English, 1993). Oklahoma County was
one of these counties, making the residents of the three
study basins eligible for state and federal disaster
relief.

Four people died in this flood. Three deaths
were attributed to the flooding in Brock Creek, and
one death occurred in Lightning Creek.
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Figure 1. Location of stream sites used in study, Oklahoma City, Oklahoma.
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Figure 2. One-hour rainfall depths at Will Rogers Airport, Oklahoma City, Oklahoma, (data from the National Oceanic
and Atmospheric Administration, 1993).
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Table 1. Summary of May 8, 1993, flood damages to private facilities in Twin, Brock, and Lightning Creek basins

Number of damaged structures

Description Of privat®  TwinCreek ~ BrockCreck  Lighinng Croek Total
acility

Homes 583 359 252 1,194
Apartment Units 0 383 0 383
Motel Units 0 14 0 14
Businesses 16 22 17 55
Other? 200 2 84 286
Total 799 780 353 1,932

L Data from Brown (1993).

2 Includes 1 church, 1 food bank, 1 senior citizen home, 1 highway patrol office, 82 garages and outbuildings, and 200

leased storage units

METHOD OF INVESTIGATION

Many peak discharges must be determined after
the passage of the flood by indirect methods (Benson
and Dalrymple, 1967). This study used step-backwater
analysis to match the flood water-surface profiles
defined by high-water marks.

Streamflow volume or discharge is usually mea-
sured by means of a current meter. Techniques of mak-
ing current-meter or direct measurements are
standardized and well known (Carter and Davidian,
1968). During floods, however, it is frequently impos-
sible or impractical to measure the peak discharges
when they occur. Roads may be impassable; knowl-
edge of the flood rise may not be available in advance
to permit reaching the site near the time of the peak;
structures from which current-meter measurements
might have been made may be nonexistent or impass-
able; personnel may not be available to obtain direct
measurements at numerous locations; or the peak may
be of such short duration that a satisfactory current-
meter measurement could not be made.

Indirect measurements use the energy equation
to estimate discharge. The specific equations used dif-

fer for specific flow situations, but all methods involve
these general factors (Benson and Dalrymple, 1967):

1. Physical characteristics of the channel: dimen-
sions and conformation of the channel within the reach
studied.

2. Water-surface elevations at the time of peak
stage to define the upper limit of the cross-sectional
areas and the fall of the water surface between two
adjacent cross sections.

3. Hydraulic factors based on physical character-
istics, water-surface elevations, and discharge, such as
roughness coefficients and discharge coefficients.

The data required for computation of discharge
by indirect methods are obtained by a field survey of a
reach of channel. This includes the elevation and loca-
tion of high-water marks corresponding to the peak
water-surface elevation, cross sections of the channel
along the reach, selection of the roughness coefficients,
and description of the geometry of any culverts or
bridges in the reach.

Fleld Survey

The field survey was conducted by U.S. Geolog-
ical Survey personnel using a Geodimeter 440 total sta-

6 Estimated flood peak discharges southwest Oklahoma City, Oklahoma, May 8, 1993



tion!. The vertical and horizontal control for the
survey of the study sites was based on the FEMA ref-
erence mark RM 12-30A, Twin Creek at SW 44th
Street (Federal Emergency Management Agency,
1990). All other FEMA reference marks near the study
sites were destroyed prior to May 8, 1993. A baseline
traverse was surveyed along SW 44th Street. Addi-
tional traverse lines were surveyed from this baseline
to the other sites. Additional vertical elevation refer-
ence marks were established and are listed in table 2.
A check with 1990 Oklahoma City Global Positioning
System survey control monuments revealed a differ-
ence of about 0.5 foot with the original FEMA refer-
ence mark (table 3). The horizontal control was based
on an arbitrary datum of 10,000 feet northing and
10,000 feet easting and a magnetic azimuth of 262°
down SW 44th Street at RM 12-30A. The entire study
was completely integrated both vertically and horizon-
tally.

High-Water Marks

High-water marks are evidence of the highest
elevation reached by the flood. There are many differ-
ent types of marks including seed lines and mud lines
on fences, trees, posts, and buildings; and drift on
bushes, and stream banks. The proper identification of
the marks requires experience, and should be accom-
plished as quickly as possible after the flood so as not
to be lost to subsequent rains.

There are two labels on the high-water marks
identified in this study. A field crew dispatched two
weeks after the flood marked high-water marks with
nails, lumber crayons, paint, stakes, and flagging.
These were recorded in site notes and are referred to as
flagged high-water marks. The survey crew, which
surveyed from July through October 1993, noted and
surveyed several additional high-water marks while in
the process of surveying the study sites. These were
high-quality marks of seed or mud lines on buildings,
or were elevations pointed out by local residents.
These are referred to as unflagged high-water marks.

Several high-water marks on both banks were
identified throughout the study reaches for a consider-
able distance upstream and downstream from the

1 Any use of trade, product, or firm names is for
descriptive purposes only and does not imply
endorsement by the U.S. Government.

bridge or culvert at the major urban street at each site
to assist in the interpretation of the profiles. Plan views
were plotted of each study site to assign stream sta-
tioning locations of all high-water marks on the stream
profile. Stream stationing is the longitudinal distance
along the stream channel from a reference point, in
this study the distance upstream from the stream
mouth. As was expected, there was a certain amount
of scatter in the high-water mark profile. The slope
determined by these high-water marks is probably
very nearly parallel to that of the water-surface eleva-
tion at the time of the flood peak (Benson and Dalrym-
ple, 1967).

Cross Sections

Cross sections were surveyed at each study site,
including the geometry of bridges and culverts. Sev-
eral cross sections were used at each study site to
properly represent the cross-sectional geometry of the
reach and thus ensure a good definition of the water-
surface profile. There were two to three times as many
cross sections used in this study than were used in the
FEMA flood-insurance study (1990), and each cross
section had at least two times as many points defining
the cross section. The cross sections also are believed
to be more accurate since they were all ground-sur-
veyed instead of defined by aerial photographs as was
done in the original FEMA flood-insurance study.
Care was taken to locate the cross sections as nearly as
possible at right angles to the direction of flow. Since
many of the study sites were highly urbanized, the
location of buildings were modeled on several cross
sections so that the buildings could be included in the
hydraulic models.

Photographs were taken at the time of the field
survey at cross-sectional locations to aid in the deter-
mination of roughness coefficients. Recent digital
aerial photographs were utilized to ensure average
conditions were modeled when choosing roughness
coefficients.

Plan views of each study site were plotted to
determine the stream stationing locations of the cross
sections on the stream profiles. Care was taken to
match stream stationing used in the FEMA flood-
insurance study to allow later comparisons. Appendi-
ces contain the plan view of each study site showing
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Table 2. Elevation reference marks established during the study

[ft, feet; NGVD, National Geodetic Vertical Datum of 1929]

Site Stream name and Reference Elevation - .
. Description of location
number location mark (f,, NGVD)!
Twin Creek

1 SW 29th Street RM 93-TNO1 1,219.77 Chiseled “00” on the top of the southeast wingwall next to south
(upstream) headwall of the Twin Creek SW 29th Street culvert.

2 SW 44th Street  RM 12-30A2 1,235.85 Chiseled “X” on the center of the north (downstream) headwall of
the Twin Creek SW 44th Street culvert.

Brock Creek

3 SW 29th Sreet RM 93-BK02 1,204.22 Chiseled * O * 10 feet east of the west end of the south (upstream)
headwall of the Brock Creek SW 29th Street culvert.

RM 93-BK04 1,204.10 Chiseled “0 " on the east end of the north (downstream) headwall
of the Brock Creek SW 29th Street culvert.

RM 93-BK05 1,203.93 Chiseled “X" on the center of the north (downstream) headwall of
the Brock Creek SW 29th Street culvert.

4 SW 44th Street RM 93-BKO01 1,221.63 Chiseled “X" on the center of the south (upstream) headwall of the
Brock Creek SW 44th Street culvert.

5 SW 59th Street RM 93-BK03 1,243.68 Chiseled “X" on the center of the south (upstream) headwall of the
Brock Creek SW 59th Street culvert.

Lightning Creek

6 SE 25th Street  RM 93-LG07 1,186.12 Chiseled “X” on the south wingwall 7 feet east of the east (down-
stream) headwall of 4-opening exit of the Lightning Creek SE 25th
Street culvert.

7 SW 29th Street RM 93-LG06 1,196.32 Chiseled “[0 ™ on the northeast corner of the north (downstream)
walkway of the Lightning Creek SW 29th Street bridge.

8 Grand Avenue  RM 93-LG05 1,199.64 Chiseled “ [0 * on the top of the northeast corner of the north
(downstream) curb of the Lightning Creek Grand Boulevard
bridge.

9 SW 44th Street  RM 93-LGO1 1,206.34 Chiseled “[1 * on the northeast corner of the north (downstream)
walkway of the Lightning Creek SW 44th Street bridge.

RM 93-LG02 1,197.90  Chiseled “1” on the southeast corner of the east (upstream) walk-
way of the Lightning Creek Santa Fe Avenue bridge at SW 41st
Street.

10 Sage Street RM 93-LG03 1,206.12 Chiseled “ 0 * on the northeast corner of the east (downstream)
walkway of the Lightning Creek Sage Street bridge.

11 SW 51st Street RM 93-LG04 1,207.25 Chiseled “ [0 on the southwest corner of the south (upstream)

walkway of the Lightning Creek SW 51st Street bridge.

1-NGVD is used to be consistent with previous flood-insurance study data.
2. Original flood study reference mark, study elevations based on this mark.

8 Estimated flood peak discharges southwest Oklahoma City, Oklahoma, May 8, 1993



Table 3. Vertical control elevations established during the study and two 1990 City of Oklahoma City Global Positioning
System contro!l monuments

[ft, feet; GPS, Global Positioning System; NGVD, National Geodetic Vertical Datum of 1929]

City of Oklahoma GPS Study
City GPS control ~ €levation elevation Description of location
monuments (f, NGVD)!  (ft, NGVD)!
Station no.
260 1,234.09 1,233.50 Monument cap 2,250 ft east of the intersection of Western Avenue
and SW 44th Street 11.31 feet north of north SW 44th Street curb.
285 1,249.91 1,249.44 Monument cap 1,050 ft east of the intersection of May Avenue and

SW 44th Street about 2 feet north of south end of private drive
island in line with north SW 44th Street curb.

1-NGVD is used to be consistent with previous flood-insurance study data.

cross sectional stream stationing followed by cross-
sectional plots. Appendices 1 and 2 have Twin Creek
sites (site 1-2), appendices 3-5 have Brock Creek sites
(sites 3-5) and appendices 6-10 have Lightning Creek
sites (sites 6-11).

Step-Backwater Analysis

The peak discharges on the study sites were
determined by using step-backwater analysis to match
the water-surface profile defined by the high-water
marks, essentially a curve-fitting technique. The tech-
nique is an iterative process where several stage-dis-
charges are modeled until the best fit is achieved.

Almost all open-channel flows are both unsteady
(depth at a point varies with time) and nonuniform
(depth changes from point to point along a channel).
Steady, uniform flow is assumed for step-backwater
analysis. The assumption of steadiness is justified by
the fact that at peak flows the discharge hydrograph
flattens out and flow approximates steady conditions
even though these peak flows were of short duration
(less than 1 hour). High-water marks are left along the
channel by these relatively steady, peak flows. Unifor-
mity of flow is achieved by dividing the channels into
shorter lengths that are considered reasonably uniform
between cross sections, both on the basis of high-water
marks and on channel geometry (Davidian, 1984).

Step-backwater analysis has been long recog-
nized as a valid method in estimating stage-discharge
relations in natural channels (Bailey and Ray, 1966;
Druse, 1982). Davidian (1984) recognized that it is an
acceptable technique for indirect measurements in nat-
ural channels. The study sites have all or part of the
reach in heavily urbanized areas, including frequent
bridges or culverts. Step-backwater analysis was used
to conduct the FEMA (1990) City of Oklahoma City
flood-insurance study and has the capability to model
bridges and culverts. Therefore, it is reasonable to use
the method to estimate the discharge associated with
the water-surface profile of the May 8, 1993, flood.

The step-backwater computer program used for
the study is WSPRO (a computer model for Water Sur-
face PROfile computations, Shearman, 1990). Several
cross sections were used at each study site to ensure a
good definition of the tailwater downstream of the cul-
verts or bridges at the major urban street locations of
the study sites and a good definition of the headwater in
the ponded conditions upstream of these structures.
Emphasis was placed on matching the computed water-
surface profile to the high-water marks upstream of the
structures, because the structures probably provide the
most reliable control of the urban stage-discharge rela-
tions.

Care was taken in the subdivision of roughness
coefficients in cross-sectional subsections as recom-
mended by Davidian (1984). There was an extreme



variance in roughness in most of the study cross sec-
tions, ranging from smooth concrete to dense trees and
underbrush. This requires a large number of subsec-
tions, and these conditions produce very large velocity
head coefficients (alphas) if left uncorrected in the
computer model. Large velocity head coefficients
result in a lower than reasonable water-surface profile
or higher estimated flood discharge. Where this was a
concern, the roughness coefficients of the main chan-
nel subsections were composited, or weighted by
cross-sectional area at flood elevation, to produce a
single roughness coefficient and subsection. This
method also was used in the overbank subsections, if
deemed necessary.

The buildings were coded into the geometry of
several of the study cross sections to accurately model
the urban cross-sectional conditions. The buildings
were thus superimposed on the basic shape of the
cross sections. This was done to ensure that both the
reduced cross-sectional areas and the very large wet-
ted perimeters actually present would be modeled. The
plots of the cross sections used in the study are pre-
sented in the appendices.

To ensure that the cross-section stationing of the
cross-sectional points was the most accurate possible,
a computer program written by David Dunn (written
commun., 1994) was used. Cross-section stationing is
the horizontal distance along the cross-section line
from an arbitrary reference point. The program con-
verts the cross-sectional point output from the Geo-
dimeter 440 total station to a WSPRO format and
trigonometrically fits all points to a straight line
defined by the end points of the cross section. This
ensures accurate cross-sectional area computation.

The starting discharge for each high-water mark
water-surface elevation at the furthest downstream
cross section was computed by the slope-conveyance
method (Shearman, 1990) at all study sites in Twin
and Brock Creeks (sites 1-5). The FEMA flood insur-
ance study streambed slope was used (Federal Emer-
gency Management Agency, 1990). The sites were too
far apart to run each creek as a single reach.

The Lightming Creek study sites (sites 6-11)
were run essentially as a continuous reach since they
were close enough together to model in sufficient
detail, but discharge was permitted to change within
the overall reach. The starting discharge for the high-
water mark water-surface elevation at the furthest
downstream cross section of the furthest downstream
study site (site 6) was computed by the slope-convey-

ance method. Then each site upstream (sites 7-11) uti-
lized the last cross section of the study site
downstream as the starting water-surface elevation. A
slope-conveyance computation was run on sites 7-11
as a check to ensure this water-surface elevation was
reasonable.

At each of the culvert sites (sites 1-6), WSPRO
culvert routines were run separately using the high-
water marks as tailwater and headwater elevations and
then those discharges were subtracted from total dis-
charge to obtain over-the-road flows. Bridge routines
were tried at those sites with bridges (sites 6-11). If
excessive road overflow warning messages were given
in the WSPRO output (at all sites except site 9), road
and bridges were treated as a composite section
(Shearman, 1990).

Maximum Urban Discharge Estimates

The maximum urban discharge estimates that
were compared with the May 8, 1993, peak discharge
estimates were derived by using the urban regression
equations described in Thomas and Corley (1977).
The urban peak discharge estimates can be interpo-
lated between the rural peak discharge estimates
(lower limiting discharges) and the peak discharge
estimates for a completely developed urban basin
(upper limiting discharges). This interpolation for
intermediate stages of development is based on an
urban adjustment factor, Ry, defined by Leopold
(1968) as a ratio of the urban 2-year peak discharge to
the rural 2-year peak discharge. Figure 4, adapted
from Leopold (1968) by Sauer (1974), illustrates the
relationship between Ry and the percentage of the
basin that is: (1) impervious and (2) served by storm
sewers.

The rural or undeveloped flood peak discharge
estimates (Ry =1) can be estimated from Thomas and
Corley (1977). Full urban development discharges in
Oklahoma City stream basins were previously esti-
mated using Ry =4.1 (Tortorelli and others, 1983). The
completely developed urban flood discharges may be
computed using Ry =7, which assumes 100-percent
runoff (Tortorelli and others, 1983).

10 Estimated flood peak discharges southwest Oklahoma City, Oklahoma, May 8, 1993



Figure 4. Relationship of Leopold Urban Adjustment Factor, R, to the percentage of the area impervious, and served
by storm sewer (Adapted from Leopold, 1968).
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ESTIMATED FLOOD PEAK DISCHARGES

The rate of discharge of a stream is the volume
of water that passes a given location in a specific
period of time. The peak discharge rates at the selected
study locations are expressed in cubic feet per second
(ft%/s) and represent the discharge occurring at the
time of maximum flood stage (water-surface eleva-
tion).

Flood peak discharges for the May 8, 1993,
flood estimated for the 11 study sites along Twin,
Brock, and Lightning Creeks by indirect methods
using step-backwater analysis ranged from 6,000 ft3/s
for Twin Creek at SW 44th Street (site 2) to 15,000
ft%/s for Lightning Creek from SE 25th Street to Grand
Avenue (sites 6-8). Unit discharge, which generally is
expressed in cubic feet per second per square mile
[(ft3/s)/mi2], is an indication of runoff intensity. Unit
discharges during peak runoff ranged from 881
(ft3/s)/mi? for Lightning Creek at SW 44th Street (site
9) to 3,570 (ft3/s)/mi? for Brock Creek at SW 59th
Street (site 5). Flood peak discharges, with corre-
sponding unit discharges for each of the 11 sites, are
listed in table 4.

Recurrence interval, as applied to floods, is the
average interval of time a given flood magnitude will
be equaled or exceeded once. For example, a flood
with a 100-year recurrence interval has a 1 in 100
chance, on the average, of occurring in any given year,
or an average frequency of 1 in 100 years. The fact
that a major flood occurs in one year does not decrease
the probability of a flood as great or greater occurring
within the same year. Similarly, if a 100-year flood
occurs in a given year, there is still a 1 in 100 chance
that a similar flood will occur in subsequent years.
Peak discharges and flood profiles for the 100-year
flood have been developed and published in the Flood
Insurance Study for the City of Oklahoma City (Fed-
eral Emergency Management Agency, 1990).

Flood peak discharges for the May 8, 1993,
flood determined for the 11 study sites were compared
by ratio to those discharges used to develop the FEMA
100-year flood profiles. At all sites the peak discharges
exceeded the FEMA 100-year flood discharges. The
100-year flood peak discharge comparisons (table 4)
ranged from 1.25 (site 9) to 3.29 (site 1).

The water-surface elevations for the May 8,
1993, flood for the 11 study sites were compared to
those of the FEMA 100- and 500-year flood profiles
(table 5). The May 8, 1993, flood water-surface eleva-

tions ranged from 0.2 ft (site 4) to 5.9 feet (site 8)
above the FEMA 500-year flood water-surface eleva-
tions. At all sites the flood water-surface elevations
exceeded the FEMA 500-year water-surface eleva-
tions.

The flood peak discharges for the May 8, 1993,
flood determined for the 11 study sites were compared
to the maximum urban discharge estimates (table 5).
At all sites the peak discharges exceeded that of the
100-year flood with a Ry =4.1, except at site 9. At 7 of
the 11 sites the peak discharges exceeded or equaled
that of the 100-year flood with a Ry =7.0. This suggests
that the very large flood peaks were the result of close
to 100-percent runoff in the study stream basins. Not
only were the ground surfaces essentially impervious,
but the city streets acted as efficient conveyances to
the main channel (similar to storm sewers or tributary
channels).

Crippen and Bue (1977) developed an envelope
curve on the basis of maximum floods in the Okla-
homa, Texas, Missouri, and Kansas region (Region 9,
p- 11). Unit peak discharges of the May 8, 1993, Okla-
homa City, Oklahoma, flood and other extraordinary
urban floods that have occurred in Oklahoma are com-
pared to a modified maximum flood envelope curve
(figure 5). Unit peak discharges from the Enid, Okla-
homa, flood (Bingham and others, 1974) and Tulsa,
Oklahoma, flood (Bergman and Tortorelli, 1988) were
shown to illustrate that high unit peak discharges of
similar magnitudes have occurred.

Another comparison (table 6) shows that at sites
where culverts pass the flow under a major city street,
the culverts were overwhelmed by the flood flows
(sites 1-6). In all cases, the culverts were drowned out
with submerged outlets (type 4 flow, Bodhaine, 1968).
These structures had less than normal flow efficiency,
forcing an even greater flow into street overflow.

The very large flood peaks in these 3 small
urban creeks were the result of very intense rainfall in
a short period of time, close to 100-percent runoff in
the study stream basins, essentially impervious ground
surfaces, and the city streets acting as efficient convey-
ances to the main channels. All drainage structures,
culverts, and bridges were assumed to be free and
unobstructed in the computation of the flood peak dis-
charges. The high-water marks defined the flood
water-surface profile and elevations; however, it is
unknown to what degree the drainage structures were
obstructed by such things as sections of stockade
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Table 4. Summary of flood peak discharge for the flood of May 8,1993

[miz' square mile; £1%/s, cubic feet per second; (ft’/s)/miz. cubic feet per second per square mile

Oklahoma City
Indirect discharge measurements flood-insurance study!
May 8, 1993, flood 100-year
Ratio of flood
Site Stream name and ijnge : Peak . Unit . Peak . Unit pe:)k lg;)-m)l::.rge
number location are; dlsclsxarge dx:charg; d’scgmge dxschargi flood-insurance
(mi?) (f%s)  [(f¥s)mi?) (tc%/s) [(f/s)/mi?) study peak
discharge

Twin Creek
1 SW 29th Street 3.23 10,000 3,100 3,040 941 3.29
2 SW 44th Street 2.73 6,000 2,200 3,040 1,110 1.97

Brock Creek
3 SW 29th Street 4.74 12,000 2,530 5,210 1,100 2.30
4 SW 44th Street 324 10,000 3,090 4,040 1,250 248
5 SW 59th Street 224 8,000 3,570 2,460 1,100 3.25

Lightning Creek?
6 SE 25th Street 13.90 15,000 1,080 8,020 577 1.87
7 SW 29th Street 13.60 15,000 1,100 8,020 590 1.87
8 Grand Avenue 12.70 15,000 1,180 8,020 631 1.87
9 SW 44th Street 11.35 10,000 881 8,020 707 1.25
10 Sage Street 8.42 10,000 1,190 5420 644 1.85
11 SW 51st Street 8.12 10,000 1,230 5,420 667 1.85

1 Federal Emergency Management Agency (1990)
2Determined from 7.5 minute quadrangle Digital Elevation Models, U.S. Geological Survey (1990)
3-Discharges are reduced by detention ponds.
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Table 6. Culvert flows and peak discharge in Oklahoma City May 1993 flood

[ft, feet; fi3/s, cubic feet per second]

May 8, 1993, flood
Site Stream name and Distance! Culvert flows? Peak discharge
number location (f) (&3/s) (&3/s)
Twin Creek
1 SW 29th Street 15,985 1,700 10,000
2 SW 44th Street 22,590 1,000 6,000
Brock Creek
3 SW 29th Street 4,250 4,500 12,000
4 SW 44th Street 10,000
SW 43rd Street 9,675 750
SW 44th Street 9,955 750
5 SW 59th Street 15,895 1,250 8,000
Lightning Creek
6 SE 25th Street 15,000
Short 4-Opening 4,675 6,800
Long 2-Opening 3,550 3,800
Total 10,600

L. Distance above mouth of stream
2Submerged outlet, Type 4 flow (Bodhaine, 1968)
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fences, automobiles, and other debris that were
observed floating down the creeks by local residents.

The May 8, 1993, flood water-surface profiles
and the FEMA flood water-surface profiles (Federal
Emergency Management Agency, 1990) differ in two
aspects: the slope of the profile and the elevation of the
profile. The differences can be attributed to differences
in cross-sectional geometry, roughness coefficients,
and number of cross sections used to define the FEMA
step-backwater model. The FEMA cross sections were
fewer per stream mile and were defined using aerial
photography rather than land surveys.

There was no discernible pattern in the profile
slope differences between the May 8, 1993, flood and
the FEMA floods among the sites. The FEMA dis-
charges for the 100-year flood were substantially less
than the May 8, 1993, discharges (table 5). Along
Twin Creek (figs. 6-7) and Brock Creek (figs. 8-10)
the FEMA flood profiles were very close to and some-
times higher than the May 8, 1993, flood profiles.
Along Lightning Creek (figs. 11-15) the FEMA flood
profiles were much lower than the May 8, 1993, flood
profiles.

Twin Creek

There are 2 study sites on Twin Creek: SW 29th
Street (site 1), and SW 44th Street (site 2). The SW
29th Street study site was substituted for a proposed
study site at Grand Avenue due to lack of high-water
marks. The May 8, 1993, flood peak discharge was
estimated to be 10,000 ft3/s at site 1 and 6,000 ft*/s at
site 2 (table 4). The ratio of the peak discharge to that
of the 100-year flood-insurance study peak ranged
from 1.97 to 3.29 (table 4).

The water-surface profiles of these sites are pre-
sented in figure 6 (site 1) and figure 7 (site 2). The dif-
ference between the FEMA 500-year water-surface
profiles and the May 8, 1993, flood ranged from 0.3 to
1.6 feet (table S). Both sites have long underground
culverts and had a considerable amount of overland
flow in streets and buildings. Most of the flood flow at
site 1 was overland between SW 27th and SW 29th
Streets, and most the flood flow at site 2 was overland
between SW 44th and SW S1st Streets. There is a dip
in the high-water marks at site 2 above SW 44th Street
that is probably due to high-water marks being identi-
fied on the fences along the alley above the concrete-
capped culvert in this part of the profile. The local

velocity in this subsection was probably higher than
the average profile velocity. Natural water surfaces are
not level across a cross section, but step-backwater
computations assume a level average water surface
across a Cross section.

Brock Creek

There are 3 study sites on Brock Creek: SW
29th Street (site 3), SW 44th Street (site 4), and SW
59th Street (site 5). The May 8, 1993, flood peak dis-
charge was estimated to be 12,000 ft*/s at site 3,
10,000 ft%/s at site 4, and 8,000 ft/s at site 5 (table 4).
The ratio of the peak discharge to that of the 100-year
flood-insurance study peak ranged from 2.30 to 3.25
(table 4). According to a local resident on Binkley
Street, this was the highest flood in about 48 years.
Another local resident, on SW 43rd Street, said this
was the highest flood since 1937, when it reached
Youngs Boulevard west of the channel.

The water-surface profiles of these sites are pre-
sented in figure 8 (site 3), figure 9 (site 4), and figure
10 (site 5). The difference between the FEMA 500-
year water-surface elevations and the May 8, 1993,
flood ranged from 0.2 to 0.9 feet (table 5). The flood
flow at site 3 was mostly confined to the main channel,
park land, and adjacent streets. Sites 4 and 5 had a
considerable amount of overland flow in streets and
buildings. Site 4 had a large amount of damage to
apartment units in addition to homes downstream from
SW 44th Street.

Lightning Creek

There are 6 study sites on Lightning Creek: SE
25th Street (site 6), SW 29th Street (site 7), Grand
Avenue (site 8), SW 44th Street (site 9), Sage Street
(site 10), and SW 51st Street (site 11). The May 8§,
1993, flood peak discharge was estimated to be 15,000
ft3/s at sites 6-8, and 10,000 ft*/s at sites 9-11 (table 4).
The ratio of the peak discharge to that of the 100-year
flood-insurance study peak ranged from 1.25 to 1.87
(table 4). Local residents in the lower part of Light-
ning Creek said this was the worst flooding they had
seen in 37 years. Another local resident, on SW 43rd
Street, said this was the highest flood since 194S.

The flood was relatively less severe than in
Twin and Brock Creeks due to less rainfall; large,
improved, and well-maintained main channels (espe-
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cially above SW 29th Street); and detention ponds in
the upper end of the drainage basin. However, there is
a large constriction due to the encroachment of com-
mercial buildings just below SW 29th Street and dense
growths of trees and brush line the main channel banks
starting downstream from SW 29th Street.

The water-surface profiles of these sites are pre-
sented in figure 11 (site 6), figure 12 (site 7), figure 13
(site 8), figure 14 (site 9), and figure 15 (sites 10 and
11). The difference between the FEMA 500-year
water-surface profiles and the May 8, 1993, flood
ranged from 2.5 to 5.9 feet (table 5). Site 6 had a large,
long underground culvert with four openings that exit
east of the railroad downstream from SE 25th Street
and two openings that exit downstream from SE 23rd
Street. Other study sites on Lightning Creek had
bridges. Sites 6-8 had a considerable amount of over-
land flow in streets and buildings. Sites 9-11 had some
overland flow in streets and buildings.

There was a major reduction of discharge
between site 8 (Grand Avenue) and site 9 (SW 44th
Street) from 15,000 ft*/s to 10,000 ft*/s. This was
modeled by reducing the peak to 12,000 ft%/s at the
last upstream cross section of site 8 and then reducing
the peak to 10,000 ft3/s at the first cross section of site
9. This apparent discharge reduction shown by high-
water mark data may be attributed to 3 factors: (1)
there are 3 small tributaries (or large storm sewers)
that enter the main channel between Grand Avenue
and SW 44th Street; (2) rainfall was greater north of
SW 44th Street; (3) detention structures are located on
the upper end of Lightning Creek.

SUMMARY

The flash flood in southwestern Oklahoma City,
Oklahoma, May 8, 1993, was the result of an intense
3-hour rainfall occurring within a 12-hour rainfall
event. A total rainfall of 5.28 inches fell between 3
p.m. and 6 p.m. at Will Rogers Airport. The recorded
rainfall was close to the 100-year frequency, 3-hour
rainfall. This intense rainfall that fell on nearly satu-
rated ground or impervious surfaces, was assumed to
result in almost 100-percent runoff, and produced
extensive flooding.

The most serious flooding was on Twin, Brock,
and Lightning Creeks, tributaries to the North Cana-
dian River. A study was conducted to determine the

magnitude of the May 8, 1993, flood peak discharge in
these three creeks in southwestern Oklahoma City and
compare these peaks with published flood estimates.
Flood peak-discharge estimates for the May 8, 1993,
flood were determined for 11 study sites along these
crecks. These were determined by an indirect method
using step-backwater analysis to match the flood
water-surface profiles defined by high-water marks.

Four people died in this flood. Three deaths
were attributed to the flooding in Brock Creek, and
one death occurred on Lightning Creek. Over 1,900
structures were damaged in the 3 basins, of which
about 1,200 were homes. In addition, there were about
$3 million in damages to Oklahoma City public facili-
ties, the majority of which were in the three basins.
Oklahoma County was declared a federal disaster area.

The unit discharge during peak runoff at the
indirect-measurement sites ranged from 881 cubic feet
per second per square mile [(ft /s)/mi2] for Lightning
Creek at SW 44th Street (site 9) to 3,570 (ft/s)/mi? for
Brock Creek at SW 59th Street (site 5). The ratios of
the 1993 flood peak-discharges determined for the 11
study sites to those discharges used to develop the
FEMA flood-insurance study 100-year flood profiles
ranged from 1.25 (site 9) to 3.29 (site 1). At all sites
the peak discharges exceeded the FEMA 100-year
flood discharges, and the flood water-surface eleva-
tions at the study sites ranged from 0.2 ft (site 4)t0 5.9
feet (site 8) above the FEMA 500-year flood water-
surface elevations.

The flood peak discharges for the 11 study sites
were compared to the maximum urban discharge esti-
mates, and to extraordinary urban floods in Oklahoma.
The peak discharges at 7 of the 11 sites exceeded or
equaled that of the 100-year flood with a Ry =7.0. This
suggests that the very large flood peaks were the result
of close to 100 percent runoff in the study stream
basins. Unit peak discharges for the 1993 flood were
comparable to those for other extraordinary urban
floods in Oklahoma.

The differences in profile slope and water-sur-
face elevation between May 8, 1993, flood water-sur-
face profiles and the FEMA flood water-surface
profiles can be attributed to differences in cross-sec-
tional geometry, roughness coefficients, and number
of cross sections used to define the FEMA step-back-
water model. In addition, it is unknown to what degree
the drainage structures were obstructed.

The very large flood peaks in these 3 small
urban basins were the result of very intense rainfall in
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a short period of time, close to 100-percent runoff due
to ground surfaces being essentially impervious, and
the city streets acting as efficient conveyances to the
main channel.
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EXPLANATION

o o Cross section line

B Stream stationing;
1656 in hundreds of feet
upstream from mouth

Base from U.S. Geological Survey Digital Raster Graphic, 1:24,000, 1986 '
Projection: Oklahoma Coordinate System, north zone . 0 100 FEET
(Lambert Conformal Conic) [ 50 100 METERS

Appendix 1-1. Location of study cross sections on Twin Creek at SW 29th Street (site 1).
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Appendix 2-1. Location of study cross sections on Twin Creek at SW 44th Street (site 2).
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EXPLANATION

Cross section line

—_— Stream stationing,
45 in hundreds of feet
upstream from mouth

Base from U.S. Geological Survey Digital Raster Graphic, 1:24,000, 1986

Projection. Oklahoma Coordinate System, north zone Q__ 100 FEET
(Lambert Conformal Conic) 0 50 100 METERS

Appendix 3-1. Location of study cross sections on Brock Creek at SW 29th Street (site 3).
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W

EXPLANATION

‘@ Cross section line

Stream stationing,
100 in hundreds of feet
upstream from mouth

SW 43RD ST

SW 447H ST

Base from U.S. Geological Survey Digital Raster Graphic, 1:24,000, 1986
Projection: Oklahoma Coordinate System, north zone Q_., 100 FEET
(Lambert Conformal Conic) 0 50 106 METERS

Appendix 4-1. Location of study cross sections on Brock Creek at SW 44th Street (site 4).
65



OOOOONTOOODOONWWOOMMNOOMNW®
“ e e » e o 4 e s s 4 e w e e e v 8 s 8 e s e s
N
8
o

0s9Z

‘(¢ 8us) 190118 Yl MS 1B XeauD ¥004g ‘| Uuol08s SS0.D J0 10|d "2-¢ Xipuaddy

1334 NI “30N”LSIQ

00sZ " 050z 0061 1274 00s1 oSkl 00t 0511

000!

¢l sg8l
¢l ckBl

8

RERRKENNS

SRFERRER

AENO T RN AN O T O N0
5
8

8

v T M T T T v T

SOI6 = NOILYLS “ONZk MS 30IS HINOS ‘IM@ NOILJ3S SS0¥D

000714 ‘€661 ‘8 XBW ‘LITULS HIPY MS 1Y MIZ¥D MJ0uE

(174

: 074

(414}

aret

¥zl

ezzl

{OASN) 1334 N1 ‘NO1IBAITI

Estimated fiood peak discharges southwest Oklahoma City, Oklahoma, May 8, 1993

66



(v 8u1s) 199118 Ulpy MS 18 38810 %201g ‘JZ U0N08S SS0IO J0 10]d "e-¢ xipuaddy

1334 NI “30NBLSIC
0s9az 0052 0sge ooze 0502 0061 osst 003t 15421 1.9 [1,538 oool

r M T T T T v T T T T ¥ T T v T T L TQN—

———

oaoNoy

———
©
o
~

.

ggdwmdwm

aNaNaNo
QoaonaRl
R
=

- 8ozt

o

dogog

2

13

[4t4

-
w0
1.

NANNN
(NI}
o
ww
——

gos-geLg

o ——

N

——
<
[}
v

26kl . -1 glet

3

.

OlF1 ’ ®
[0k! ® ) 4 ozel

RRERSSARNNGS

.

NRQNNNNNNNNNNNN

8

0Igl = kel

8

. . e
INT ]
NNNR

R.—:NN—.

]

Bl
grIl h ¥ o

IR

BR8N
NNNNNNN

.

o v 1 v o et e T ) o P 4 o oy O oy v o o
o
—
"

-
8
5
b
,

ON—OUV=—N—~ONNOOODOOM—~OQNVOQVUEOO T —~NMNONNDONTORO—~ONNO+TN

R

000t B &8
AF13 1S10

ceel

- agzl

0/F6 - NOILYLS “1Y¥3ATIND QUEF MS LIX3 ‘3238 NOIL33S SSoud

00074 ‘€661 ‘8 ABW ‘I33WIS HIFF MS IH M33YJ Mooyg

67

(OA9N) 1334 NI “NOILYA3ZT3



£°SRZI 9kZZ
8°£zel 6402

[ <44
e eeel
oreeel
ocecel
6° (221
8° [eefl
gLl
o° et
s°reel
¥ zeel
6°0Zzi

¢4

R IR

i

t\«Nt\_qeqrz—mwmwvmt\w.vmmwvmom—oov-v-oc
— o
RNRRR 0)0)0)0)0)03030203 WOW®mN
NN o

:
RS
of

‘( 1) 198118 Yy MS e X810 %0019 ‘HZ UONISS SSOI J0 104 “p-p Xipuaddy

0S8z

0s8e

1334 NI “30NHLSIQ
e ™ esm 0061 0s£1 0091 oSkl 00g! oSl

000t

T M T N T v T 1 M T T L T

S0S6 - NOIIHLS ‘0¥Ek MS 30IS HIMON ‘¥eMg NOILIIS SSONJ

00074 €661 ‘8 KWW ‘IFIUIS HIVPFMS 14 X33MJ MJ0ug

80zt

(44!

91zl

2«4

gezzl

zeel

9zl

(OAON) 1334 NI ‘NOILIBAZT3

Estimated flood peak discharges southwest Okiahoma City, Oklahoma, May 8, 1993

68



L7221 9T
8°¢eel 6402

A3

IS10

¥reeel
g eeet
oceel
grege!
e°leei

]
®
—
o~

]

§4
4

ll
-
~

DNOTDMENMODNDQ w0
~8883
o o
|2ata

058z

(¥ 8UIs) 188418 Yy MS 1B %8810 %001g ‘€ UOID8S SSOID JO 10|d "G-¥ Xipusddy

1334 NI “30NH1SIC
00se 0sge 00ze = 0061 0821 0031 0skl

0ogl

o5l

M T ~ T Al T T A T M T I T

SE£96 - NOIIWLS ‘S3N¥H8/OY¥EP MS NIAMIAG “CM8 NOIIO3S SSOUD

00014 ‘€661 ‘8 XWW “I33YLS HLI¥PPMS LW MIFHD Mo0¥8

yoz!

4 2Izl

- sizl

- 02zl

- el

q 8ze!

- cgzt

- 9zl

(OA9N) 1334 NI “NOIIWA3T3

69



0592

(v 8)1s) 19811S Uiy MS 18 %8810 %0019 ‘G UOID8S SS0ID O 10|d "9- Xipuaddy

1334 NI “30NBISIO
oz " oS 0081 o5t 0091 05

0001

wo
———

RRRARE

.

~O~NOTONOVOTWITFN—T—~MOIN~TNNWY
-
RARNRARRANNARA
o
S

T M T T 1 T T T

G586 - NOILHIS “HLbP MS/S3INMHE N33MI38 ‘S¥Q NOILJ3S SS0MD

Q0074 ‘€661 ‘8 KW “LIIYIS HIFPF MS LY X33O N00u8

{4

802!

[4t4]

aret

oeel

azel

el

Eiva

(OA9N) 1334 NI “NOILUA33

Estimated flood peak discharges southwest Oklahoma City, Oklahoma, May 8, 1993

70



‘(y 8us) 198113 Ylpy MS 1B Y8810 X00ig ‘H9 UO0N08S SS0.D J0 10|d */-¢ Xipusddy

1334 NI “30NYLSIO

1574 00sz 0sge ooce 0s0¢ 0061 1741 0as1 0Sk! oogt 0511 0001

s s s oe

RESRRNESNY

r 1 T o T T M T T T T v T o T M T T fQN—

4 crel

~ siel

- ozzl

- kel

EIR:<4]

- gzl

< agzl

01001 - NOLIMLIS ‘HLPFP MS 30IS HINQOS “¥SNE NOILJ3S SSO¥I

00014 ‘£661 ‘8 IWW ‘IIIUIS HIKPF MS IH X33M] Maoug

71

(OA9N) 1334 NI “NOIIYA3T3



“( 2US) 19911 Uiy MS 1B %9910 ¥d01g ‘Z UONO8S SS0I0 4O J0|d "8-7 Xipuaddy

1334 NI “39NHLSIO

0592 0052 osce 00z2 "0snz 0051 0s<l 0031 05k1 0051 051!t

r T T T T N T

T | T 1 T T M T

$8001 - NOIIHIS ‘IM3ATIND HLPY MS 3A0BH ‘M8 NOILO3S SSO¥0

Q0014 ‘€661 ‘8 KWW ‘I3BYIS HIPE MS Id MI3Y3 HMI0ue

POTI

80z1

[4t4}

9lel

ozet

[ 244

azzl

zeel

9ez1

(OASN) 1334 NI “NOILBAIT3

Estimated flood peakK discharges southwest Okiahoma City, Oklahoma, May 8, 1993

72



2ANK

IR

NNN('\;—-NQ
et v o o —

01— @
-
ARRRARRNNARERARANARNAAR .S

RRARKNNR

.

-

RERRNEENK

MNOTWNM~ONOCNW =0 —=NDDLN —=ON =0 T CIONNY —~NWOTWO0
. . . . . s . .

T

(¢ 811S) 199418 Ul MS 1B %98i0 5001g ‘g UONOSS SSOIO J0 10]d "6-1 XIpuaddy |

1334 NI “30NWISIO
ooce 00tz 0002 006! 008l " oozt o003t 00SI[ 00F 1 00g! oot 0ol 0001

r T T v T M T v T T T M T v T T 1 J T 1

08£01 - NOILHLS ‘HISK MS 30IS HINOS ‘838 NOI1J3S SSOMD

Q0014 ‘€A61 ‘8 XHW ‘I3AIYLS HIPY MS LY MITUI MoouE

Yozt

80zl

[4¢4]

gzt

ozel

veel

agzzl

f4xAl

9czl

(OAIN) 1334 NI “NOILUA3T3

73



EXPLANATION

Cross section line

-t Stream stationing,
160 in hundreds of feet
Lﬂastream from mouth

Base from U.S. Geological Survey Digital Raster Graphic, 1:24,000, 1986

Projection: Oklahoma Coordinate System, north zone Q 100 FEET
(Lambert Conformal Conic) 0 50 100 METERS

Appendix 5-1. Location of study cross sections on Brock Creek at SW 59th Street (site 5).
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Appendix 6-1. Location of study cross sections on Lightning Creek at SE 25th Street (site 6).
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EXPLANATION

Cross section fine
_

Stream stationing,
70 in hundreds of feet
upstream from mouth

Base from U.S. Geological Survey Digital Raster Graphic, 1:24,000, 1986
Projection: Oklahoma Coordinate System, north zone
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Appendix 7-1. Location of study cross sections on Lightning Creek at SW 29th Street (site 7).
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100 Estimated flood peak discharges southwest Okiahoma City, Oklahoma, May 8, 1993
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EXPLANATION

Cross section line

— Stream stationing,
Q0 in hundreds of feet
upstream from mouth

Base from U.S. Geological Survey Digital Raster Graphic, 1:24,000, 1986
Projection: Oklahoma Coordinate System, north zone 100 FEET
(Lambert Conformal Conic) 5 s 700 METERS

Appendix 8-1. Location of study cross sections on Lightning Creek at Grand Avenue (site 8).
102 Estimated flood peak discharges southwest Oklahoma City, Oklahoma, May 8, 1993
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w
>
) EXPLANATION
1N 3
< -
E Cross section line %
s —_—t Stream stationing,
120 in hundreds of feet
upstream from mouth |
E

Do, o

Base from U.S. Geological Survey Digital Raster Graphic, 1:24,000, 1986 -
Projection: Oklahoma Coordinate Sysiem, north zone Q. 100 FEET

(Lambert Conformal Conic) o) 50 100 METERS
't

Appendix 9-1. Location of study cross sections on Lightning Creek at SW 44th Street (site 9).

110 Estimated flood peak discharges southwest Oklahoma City, QOklahoma, May 8, 1993
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EXPLANATION

Cross section line

—t Stream stationing,
150 in hundreds of feet
upstream from mouth

Base from U.S. Geological Survey Digital Raster Graphic, 1:24,000, 1986

Projection: Oklahoma Coordinate System, north zone 100 FEET
(Lambert Conformal Conic) @ . 100 FEET
0 50 100 METERS

Appendix 10-1. Location of study cross sections on Lightning Creek at S i
and SW 51st Street (site 11). ] 296 Street (site 10),
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